INTRODUCTION {#sec1-1}
============

Childhood obesity is a chronic and complex metabolic disorder, which is associated with higher risk of various medical and psychosocial consequences.\[[@ref1]\] Prevalence of childhood obesity is increasing rapidly and approaching epidemic proportion worldwide.\[[@ref2]\] It seems that the rising rate is more alarming in developing countries. In a way, that it is estimated that 81% of obese children worldwide were from developing countries especially Asian ones.\[[@ref3]\]

Cardiovascular disease (CVD) and Type 2 diabetes mellitus are the most common preventable complication of childhood obesity. Evidences indicated that the presence of some biochemical indicators such as insulin resistance, hyperinsulinemia, and hyperhomocysteinemia are associated with the early phase of mentioned conditions and proper interventions could prevent the development of such complications.\[[@ref4][@ref5]\]

It has been described that the high level of homocysteine (Hcy) is associated with CVD, obesity, and other clinical conditions such as hypertension and type 2 diabetes mellitus.\[[@ref6][@ref7]\]

The relation between plasma Hcy concentrations and insulin resistance in different groups of patients, including obese ones has been reported in some epidemiological studies.\[[@ref8][@ref9]\] It is well established that hyperhomocysteinemia is associated with childhood obesity and hyperinsulinism, and moreover there are evidences for increased level of the two mentioned factors among obese children.\[[@ref10][@ref11]\]

Evidences have documented a negative relationship between serum Hcy and folate, as well as insulin and folate.\[[@ref10][@ref12]\] Accordingly the concept of effectiveness of folic acid administration for reducing Hcy level and consequently its related risk factor has been developed and some studies have demonstrated the improving effect of mentioned supplement use in this regard. The usefulness of folic acid in decreasing both Hcy and insulin level among obese patients have been reported in previous studies mainly among the adult population.\[[@ref13][@ref14][@ref15]\] There were few studies in this field for pediatrics population.

Thus, considering the worldwide increasing trend of childhood obesity and the subsequent burden of the disease and importance of early life interventions for preventing obesity related complication from early life period and low side effects of folic acid than other pharmacologic agents, this study aimed to investigate the effect of two different doses of folic acid on Hcy level and insulin resistance of obese and overweight children.

MATERIALS AND METHODS {#sec1-2}
=====================

In this randomized, double-blind controlled clinical trial study, 60 obese and overweight children aged 5--12 years, attended to endocrinology clinic, affiliated to Shahrekord University of Medical Sciences, were enrolled.

Children with body mass index (BMI) \>85^th^ percentile were included in the study. Those with secondary obesity (due to endocrine disorder or genetic syndromes), renal and hepatic dysfunction, history of using anticonvulsant agents, estrogen, thiazides, metformin, cholestyramine, methotrexate, fibrates, nicotinic acid, vitamin supplement (1-month before study) were excluded. In addition, those who were under weight loss diet or had not appropriate cooperation and regular follow-up were also excluded.

The protocol of the study was approved by Pediatrics Review Board and Regional Bioethics Committee of Shahrekord University of Medical Sciences. The study was registered in the Iranian Registry of Clinical Trials (IRCT), IRCT registration number (2014020116435N1). Written informed consent was obtained from all selected patients or their parents after explanation of the methods and goal of the study.

Selected obese children randomly allocated in two interventional (1 mg/day and 5 mg/day folic acid for 8 weeks) and one control groups \[[Figure 1](#F1){ref-type="fig"}\].

![Consort diagram of the study](ABR-5-88-g001){#F1}

Folic acid (1 and 5 mg) supplied by Rouz Darou Pharmaceutical Company.

All patients examined clinically, and their demographic and anthropometrics (BMI) information recorded by a trained nurse using a questionnaire. The level of folic acid, Hcy, insulin and insulin resistance (hemostasis model assessment \[HOMA\]-IR) were measured in all participants before and after trial.

The levels of biochemical measurements before and after trial between and within groups were compared.

Laboratory measurements {#sec2-1}
-----------------------

Venous blood samples obtained from each participant after overnight fasting.

Folic acid measured using radioimmunoassay method by DRG kits (RIA-1990, Germany) kit.

Insulin measured using enzyme-linked immunosorbent assay method by using AccuBind (Costa Mesa, CA 92627 USA) kit.

Homocysteine measured by immunoassay method using Axis-Shield Diagnostics (Dundee, U.K.) kit.

Insulin resistance was measured using HOMA-IR formula (HOMA-IR = fasting insulin \[µU/ml\] × fasting glucose \[mg/dL\]/405).

Statistical analysis {#sec2-2}
--------------------

Data analyzed using SPSS ver.20 (SPSS Inc., Chicago, IL, USA). The mean of studied variables before-after study and between groups compared using *t*-test and ANOVA, respectively.

RESULTS {#sec1-3}
=======

In this trial 60 obese and overweight children allocated in two interventional and one control groups (20 obese children in each group). Demographics characteristic of studied populations in the three groups are presented in [Table 1](#T1){ref-type="table"}. The three groups were age and sex matched and mean of BMI was not different significantly (*P* \> 0.05). Mean ± standard deviation (SD) of biochemical measurements including folic acid, Hcy, HOMA-IR, and insulin in the three studied groups before and after the trial is presented in [Table 2](#T2){ref-type="table"}. In Group 1 and 2 after folic acid administration for 8 weeks, mean of insulin, HOMA-IR and Hcy were decreased significantly (*P* \< 0.001). In the control group, there was no change for folic acid, Hcy and insulin, but insulin resistance increased significantly (*P* \< 0.05).

###### 

Demographic characteristics of obese and overweight children in three studied groups (folic acid 1 mg/daily, folic acid 5 mg/daily, and control group)

![](ABR-5-88-g002)

###### 

Mean±SD of biochemical measurements including folic acid, Hcy, HOMA-IR, and insulin in the three studied groups (folic acid 1 mg/daily, folic acid 5 mg/daily, and control group) before and after trial

![](ABR-5-88-g003)

Mean ± SD differences (before-after) of studied biochemical variables in the three groups are presented in [Table 3](#T3){ref-type="table"}. Mean differences were significant between interventional groups and controlled one, but there were not different significantly between the two interventional, that is, 1 mg/day versus 5 mg/day folic acid groups (*P* \> 0.05).

###### 

Mean±SD differences (before-after) of Hcy, HOMA-IR, and insulin in the three studied groups (folic acid 1 mg/daily, folic acid 5 mg/daily, and control group)

![](ABR-5-88-g004)

DISCUSSION {#sec1-4}
==========

In this study, the effect of two different doses of folic acid on the level of Hcy and insulin resistance of obese and overweight children was evaluated. Our findings indicated that folic acid in both low and high dose administration could decrease the level of Hcy and insulin resistance among overweight and obese children.

It is well established that obesity in children is associated with increased risk of CVD in adulthood. Previous studies have indicated the higher level of metabolic risk factors among obese children.\[[@ref16]\] There were also evidences regarding the elevated level of homocystein and insulin resistance in this group of patients.\[[@ref10][@ref11][@ref17]\]

The specificity and importance of Hcy and insulin resistance in children and adolescents is due to the fact that, they are considered as independent determinant of metabolic risk which are not influenced by puberty and different Tanner stage and can identify the subjects prone to complications.\[[@ref18]\]

Some studies indicated the positive correlation between Hcy and insulin resistance among obese children. Gallistl and associates in Austria have shown for the 1^st^ time that the level of Hcy in obese children is significantly correlates with the level of insulin. They concluded that possibly hyperinsulinemia could result in Hcy metabolism impairment in this group of population.\[[@ref19]\]

On the other hand, there are evidences regarding the role of some environmental factors such as dietary folate on the level of Hcy.\[[@ref19]\]

In a study in Turkey, Atabek *et al*. have investigated total plasma Hcy in obese children. They reported a higher level of Hcy in this group of patients compared with control nonobese children. They also indicated that Hcy could have a crucial role in the higher risk of CVD in obese children, and it correlates with decreased folate state but not insulin. They suggested the possible role of decreased folate in the impairment of Hcy metabolism in childhood obesity.\[[@ref10]\]

Regarding the fact that obese children have a higher level of Hcy, it seems that folate administration possibly could have a protective effect on hyperhomocysteinemia among obese children. Thus, this study was designed to evaluate the improving effect of two different doses of folic acid on mentioned risk factors.

There are some studies, which investigated the effect of folic acid on the level of Hcy and insulin resistance among the obese adult population.\[[@ref13][@ref14][@ref15]\] Studies among children population were scarce. It has been hypothesized that folic acid supplementation may improve the oxidative stress and consequently reduce the risk of CVD and diabetes mellitus, possibly by decreasing the level of Hcy and insulin.\[[@ref20]\]

The results of the current study demonstrated that both high and low dose folic acid administration for 8 weeks reduce the level of Hcy, insulin resistance, and insulin level.

Solini *et al*. in Italy have investigated the effect of 12 weeks folic acid treatment on insulin sensitivity and some biochemical parameters such as Hcy. After that period Hcy decreased, and insulin sensitivity increased significantly among obese adults.\[[@ref13]\]

Peña and Associates in Austria have indicated that administration of folic acid (5 mg daily) in 53 obese children increased serum folate and decreased total Hcy.\[[@ref21]\]

In a study in Greece, Papandreou *et al*. showed that oral folic acid (5 mg twice per week) could efficiently reduce serum Hcy level and increase serum folic acid level in healthy children with hyperhomocysteinemia.\[[@ref22]\]

Gargari *et al*. in Tabriz-Iran showed that folic acid supplementation decreased plasma level of homocysteine and insulin resistance, as well as improved glycemic control in overweight patients with Type 2 diabetes mellitus.\[[@ref14]\]

According to the results, of a meta-analysis regarding the effectiveness of different vitamin supplements including folic acid on Hcy level, an appropriate dose range of folic acid for this purpose is 0.5--5 mg.\[[@ref23]\] Furthermore, Smith *et al*. have reported that a higher dose of folate could be harmful.\[[@ref24]\] Though 5 mg daily folic acid is an acceptable dose, not high dose, but in this study we aimed to compare the lower dose of folic acid 1 mg/daily with its higher dose, that is, 5 mg/daily to determine whether lower dose has the same effect or not. The results of our trial demonstrated that there were not any significant differences between the effectiveness of two administrated doses of folic acid on studied variables. Both of them had a similar effect.

Studies among patients with chronic renal failure relieved that there was not any significant difference between different doses of folic acid for reducing the level of Hcy.\[[@ref25][@ref26]\] It seems that saturation of erythrocyte by folate prevents further reduction of Hcy level.\[[@ref23]\] However, more studies for investigating the exact causes of the findings are necessary.

The limitations of the current study were small sample size of studied population, lack of evaluation of different metabolic risk factors and the effectiveness of folic acid on them and lack of follow-up evaluation for the long-term effect of folic acid administration in this field.

In sum, considering the similar effectiveness of high and low dose folic acid in decreasing the level of Hcy, insulin and insulin resistance, it is suggested that low dose of folic acid could be a safe and effective supplement for obese children for improving the mentioned factors, which consequently could prevent obesity-related complications including cardiovascular and metabolic disorders. For obtaining more conclusive results in this field, more studies with consideration of mentioned limitations is recommended. Further, the role of folic acid deficiency in the path physiology of obesity in children could also be investigated.
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